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According to “habitat heterogeneity hypothesis”, proposed by
MACARTHUR AND MACARTHUR (1961), heterogeneous environments
offer greater amount of niches and resources resulting in greater species
richness (BAZZAZ, 1975; HASTINGS, 1990; MCINTYRE ET AL., 2001). The
heterogeneity is an important characteristic and affect many ecological
systems (LI & REYNOLDS, 1995; VINATIER ET AL., 2011). In most
ecosystems, plants are largely responsible for environment physical
structure and, therefore, influences habitat complexity and distribution
and interactions between species in multiples scales (LAWTON, 1983;
MCCOY & BELL, 1991; HU ET AL., 2014). Deposition patterns of leaf-litter
can also promote environmental heterogeneity, while influencing the
dynamics of plant and animal communities (FACELLI & PICKETT, 1991;
MOLOFSKY AND AUGSPURGER, 1992). The leaf-litter is an important
component in forests and wooded savannas, consisting of dead organic
matter composed mostly of flowers, fruits and decaying leaves (DIAS &
OLIVEIRA-FILHO, 1997). Indeed, the accumulation of fallen leaves forms
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an important soil microenvironment of these environments, maintaining
a stable temperature with high humidity, which supports the existence of
many organisms, especially arthropods and the characteristics of local
leaf-litter can affect the communities (BASSET, 1996; BAR-MASSADA ET
AL., 2014).
Insects are a diverse and abundant group in terrestrial environments
which assume significant roles in ecosystems (HUGHES ET AL., 2000),
participating in nutrient cycling and soil formation processes. Through
nests, galleries and acorns, fecal arthropods cause soil aggregation by
acting on hydraulic properties and dynamics of organic material (LAVELLE
& SPAIN, 2001; HUNTER, 2002). Herbivorous insects also regulate plant
populations, while in general serve as a food source for many animals
(YORK, 1999; ANDERSEN ET AL., 2003). Performing these functions, insects
act as important components in ecosystems (KREMEN ET AL., 1993).
Insects that comprise soil fauna can be diggers, decomposers, transporters
of mineral material, predators, fungal feeders and consumers of roots
(GULLAN & CRANSTON, 1994; LAVELLE & SPAIN, 2001). Moreover, these
animals can spread passively several microbial species at different levels
in soil by their vertical movements (SEASTEDT, 1984; MOORE ET AL., 1988;
GULLAN & CRANSTON, 1994) which affect the decomposition rate of leaf-
litter (SEASTEDT, 1984). In addition, soil insects can assist humus
fragmentation and enable complex interactions between organisms in
terrestrial ecosystems (BUTCHER, 1971).
Leaf-litter insect communities are influenced by various environmental
factors such as humidity, vegetation type, mass, and leaf-litter depth
(MENEZES ET AL., 2002; MCINTYRE ET AL., 2001). These factors can be
influenced by openings or reduced clearing of tree cover as part of
managed forestry (DIAS-FILHO, 1998; MENEZES ET AL., 2002) and this
configuration as an ecological filter for species (DUFLOT ET AL., 2014).
These changes profoundly affect the structure and dynamics of the
forest, and, thus also affect leaf-litter insect communities (MENEZES ET
AL., 2002). While are sensitive to such changes, arthropods also serve as
indicators of ecosystem functioning (LINDEN ET AL., 1994; ILLIG ET AL.,
2010), therefore, studies which seek to measure and characterize the
diversity of soil insect communities can contribute to various ecological
problem  solutions (GOLDEN & CRIST, 1999; FAHRIG, 2003; RUBBO &
KIESECKER, 2004; GOMES ET AL., 2007; SOUZA ET AL., 2008).
The aim of this study is to evaluate the effect of habitat heterogeneity
on richness, abundance and composition of insect’s leaf-litter community.
We tested the hypothesis that heterogeneous environments have higher
abundance and richness of insects, and species composition is different
between environments.
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MATERIAL AND  METHODS
STUDY AREA
The study was conducted at Estancia Mimosa Ecotourism (EME)
(20°58’57.70'’S - 56º30’58.40'’W)  (Fig. 1), a farm in Bonito city, Mato
Grosso do Sul, approximately 20 km from Bodoquena Range National
Park (BRNP). This property has approximately 400 ha and bounded by
the Mimoso River along its southern portion. The region substrate is
rocky and covered by one of the last remaining areas of plateau
vegetation, characterized by a predominance of deciduous and
semideciduous forest (BOGGIANI ET AL., 1999), but the substrate also
contains savanna formations and gallery forest (FARIA & ARAÚJO, 2010)
and areas of active and abandoned pastures.
SAMPLES
We collected samples from September 2011 to June 2012. 103
samples were randomly selected with each plot spaced 200 meters apart,
overlapping samples. These plots were distributed in five distinct
vegetation types: Deciduous forest (DF), Riparian forest (RP), Savanna
(S), Cerradão (CC) and Dirty pastures (DP) (Table 1). Vegetation type
Fig. 1. Location of Bodoquena Mountains (A) and Estância Mimosa Ecoturismo (B) in the
municipality of Bonito, Mato Grosso do Sul (Brazil).
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DESCRIPTION
For each plot we harvested four subplot of leaf-litter samples which
were distributed cardinally (north, south, east and west) ten meters from
the center of  the plot. Each subplot sample was removed from an area
of 400 cm² (20 x 20 cm) totalizing 1600 cm2 per plot and immediately
stored in plastic bag, properly labeled, and subsequently taken to the
Laboratory of  Zoology at the Universidade Federal de Mato Grosso do
Sul, for triage and identification of specimens . All insects were identified
based on: COSTA ET AL. (2006), TRIPLEHORN & JOHNSON (2011) and RAFAEL
ET AL. (2012).
Predominance of large woody individuals, 10 to 25
meters, with a dense canopy and understory continuous
and well developed.
DECIDUOUS FOREST (47)
RIPARIAN FOREST (8) Forest vegetation accompanying rivers of medium and
large size of the Cerrado region, where woody vegetation
does not form galleries.
Brachiaria pastures and other exotic grasses with high
cover bushes and trees.
CERRADÃO (15)
 Characterized by the presence of species that occur in
the Cerrado and also by species of woods (xeromorphyc
aspect). It provides predominantly a continuous canopy
and tree cover which can oscillate 50 to 90 %. The
average height of the tree stratum varies from 8 to 15
meters, which provides lighting conditions that favor
the formation of differentiated shrub and herbaceous.
SAVANNA (23) Characterized by the presence of low, very rigid trees
with characteristics such as sloping and winding, with
branches twisted and irregular, often with evidence of
burnt leaves. Some species presenting underground
organs of resistance (xilopodes), allowing regrowth.
DIRTY PASTURES (10)
Table 1. Description of vegetation types found in the study area, Bodoquena Mountains,
state of Mato Grosso do Sul. Number of sample in each vegetation type (n). [Adapted from
RIBEIRO & WALTER (1998); CIRELLI & PENTEADO-DIAS (2003)].
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 We classified the environments according to the following variables:
number of trees (dbh 10 cm), number of dead trees, number of shrubs
(dbh<10 cm), canopy height (m), canopy cover (%), herbaceous height
(cm), herbaceous cover (%) and leaf-litter cover (%). All these variables
were measured at four locations in each plot, in the same locations where
the leaf-litter was collected and subsequently tabulated according to
mean values.
DATA ANALYSIS
 Descriptive analysis of community is based on taxonomic level  until
family. We also present values associated with richness and abundance.
Analysis of Variance (Anova) and Kruskal-Wallis analyses were
realized to verify differences in richness and abundance between
environments. Non-Metric Multidimensional Scaling (NMDS)(Bray-
Curtis similarity) were performed to analyze the insect community,
simple linear regression correlates the data on the insect community
(NMDS) against the environmental variables (Principal Components
Analysis — PCA). The percentage of similarity between the groups was
calculated for environments using measures of Bray-Curtis similarity.
Non-parametric multivariate analysis of variance (NPMANOVA) with
10.000 permutations was realized to test for differences in community
composition between vegetation types. Canonical correspondence
analysis (CCA) was used to verify the effect of environmental variables
on species composition.
RESULTS
Was sampled 630 insects belonging to 32 families were collected,
which Blattidae (76), Formicidae (63, just presence and absence),
Carabidae (52), Blatellidae (37), Staphylinidae (19), Tenebrionidae (12),
Reduviidae (11), Mogoplistidae e Termitidae (10), Scarabaeidae (eight),
Cicadellidae (seven) and Curculionidae (six) were the most representative.
The remaining 24 taxa showed an abundance less than or equal to five.
Among larvae, the most abundant group was Lepidoptera (241), followed
by Diptera (30) and Coleoptera (20) (Table 2). We could observe the
monthly variation of richness and abundance in the rainy season (Figure
2). There was not a statistically significant difference in richness (Anova,
F=0.297, p = 0.879) and abundance (Kruskal-Wallis, H= 0.215, d.f.=4,
p= 0.995) between environments. An analysis of insect community
(NMDS, Stress = 0.26) (Fig. 3) revealed a correlation with vegetation
types and difference in the composition related to vegetation type
(NPMANOVA, F= 2.553, p= 0.0003). The vegetation types had
different values than the composition similarity (Table 3).
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Table 2. Insects sampled in leaf-litter at Ecotourism Estancia Mimosa. Occurrence in
habitats: 1, Savannah; 2, Cerradão; 3, Decidual forest; 4, Dirty pasture; 5, Riparian forest.
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Similarity between environments                %      NPMANOVA (p)
Dirty pasture vs Riparian forest 73,33 0,003*
Deciduous forest vs Dirty parture 65,65 0,0015*
Riparian forest vs Savanna 64,07 0,0104*
Cerradão vs Riparian forest 62,18 0,0209*
Deciduous forest vs Riparian forest 61,24 0,108
Deciduous forest vs Savanna 59,61 0,0401*
Dirty pasture vs Savanna 59,12 0,0514*
Cerradão vs Deciduous forest 59,06 0,0081*
Cerradão vs Dirty parture 58,35 0,0345*
Cerradão vs Savanna 55,43 0,706
Total similarity 60,15  
Table 3. Percentage of similarity between environments and values   of non-parametric
multivariate analysis of variance (NPMANOVA). *statistical significance (p<=0,05).
Fig. 2. Monthly variation in species richness and abundance of individuals in leaf litter due
to changes in temperature (° C) and humidity (%) between the months of September 2011
to June 2012.
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There was also a positive relationship between evaluated community
composition (NMDS) and environmental variables (PCA)  (linear  regression,
R2 = 0.195,  p <0.001)  (Fig. 4).
Through CCA we saw that many variations were explained by canopy height
(27.40 %), shrub height (20.08 %), dead tree (18.09 %), canopy cover (11.49 %)
and herbaceous cover (9.40 %) variables. However, only leaf-litter cover was the
variable with a significant influence (8.42 %, p = 0.003)  (Fig. 5). We could see
that even without significance, the most explanatory values were related to leaf-
litter formation.
Fig. 3. Non-Metric Multidimensional Scaling (NMDS) of the insects leaf-litter community
in differents phytophysionomies.
Fig. 4. Linear regression between Non-Metric Multidimensional Scaling (NMDS) (insect
community) and Principal Component Analysis (PCA) (environmental variables).
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DISCUSSION
 In contrast with literature (GOLDEN & CRIST, 1999; CAGNOLO ET AL.,
2002; TEWS ET AL., 2004; MENEZES ET AL., 2009), our study did not find
greater abundance or richness of arthropods in heterogeneous edaphic
habitats. Instead, low microclimatic variation, and the variation of
heterogeneity within vegetation types, probably explains the lack of a
positive relationship between abundance or richness and environmental
heterogeneity gradient, what would be expected. Indeed, MENEZES ET AL.,
(2009) found greater richness of insect species in better structured
edaphic environments with higher heterogeneity, since these environments
provide better trophic conditions and a less variable microclimate.
GOLDEN & CRIST (1999) and CAGNOLO ET AL. (2002) observed that soil
arthropods have low species richness in altered environments instead of
greater homogeneity. Similar results exhibiting lesser abundance of
insects in more homogeneous areas formed by Pinus species (ALCARAZ
& AVILA, 2000; GANHO & MARINONI, 2006). Moreover, savannah formations
have naturally lower humidity keeping insect populations with low
abundance.
Environments with distinct phytophysionomical characteristics present
an insect community composition significantly different indicating that
community structure is more influenced by environmental characteristics
than richness or abundance. Metrics as richness and abundance do not
Fig. 5. Canonical correspondence analysis (CCA) of environmental variables on community
composition of leaf litter insects. CC, Cerradão; DF,  Deciduous forest; DP, Dirty pasture;
RF, Riparian forest; S, Savanna. Black dots morphotypes.
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respond effectively the structural variations of the environment. Depending
on the group, we have patterns of higher abundance of individuals in open
areas, but belonging to few species, for example Orthoptera (PFADT,
1984) and general herbivorous (FAHRIG & JONSEN, 1988).
Habitat provides little explanations about the observed insect
community structure (19.5 %). This may be related with the choice of
variables used as predictors of vegetation complexity. Microclimate and
microhabitat variation, in each plot, may be the most important factor
which influences the community structure, as an issue pointed by other
studies (ROCHA ET AL., 2010; VASCONCELLOS ET AL., 2010). For Coleoptera,
the ground-dwelling community is highly influenced by local variables
(JANSSEN ET AL., 2009), which directly responds the micro-variation of
community structure metrics (e.g., leaf-litter depth and quality).
Furthermore, larger-scale habitat variables, as chosen in this study,
correlate only partially with the structure of the arthropod community
(BARTON ET AL., 2010).
 The direct relationship among arthropods and different gradients of
environmental complexity is undoubtedly linked to arthropods nutritional
needs. WARREN & ZOU (2002), for example, examining the distribution of
millipedes related to soil in three different fields, found that distribution
of such groups was strongly influenced by quality of the leaf-litter, as well
as the availability of nutrients. Also CAGNOLO ET AL., (2002), observed a
correlation between taxonomic composition changes and guilds formation
in native grasslands.  Trophic guild groups composition indicates that
more generalist species colonize multiple habitats, while the presence of
more specialist species is related to a greater or lesser degree of
environmental heterogeneity, depending on biological needs of each
constituent group.
In addition, we have the presence of disturbed areas, such as dirty
pasture, and alteration of native vegetation by exotic pasture, which can
be an important factor on species occupation. We can observe high
similarity between groups composition and environments, as riparian,
deciduous forest and dirty pasture. This high similarity between different
environments is mainly a physical space issue. The dirty pasture
permeates the riparian areas and deciduous forest, being spatially closer,
facilitating dispersion and allowing highest similarity between areas.
Thus, we observe that community metrics like richness and abundance,
analyzed separately, do not respond to changes in community structure.
However, when considering the composition of arthropod community,
we observe a relationship between the arthropod leaf-litter community
and environmental predictor variables. Though microclimate and
microhabitat variables on a small scale correlate robustly with community
structure, composition is directly related to habitat structure.
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 SUMÁRIO
Os padrões de recrutamento da serapilheira são determinantes
importantes da comunidade de artrópodes do solo, que são fundamentais
para a manutenção dos ecossistemas. Comunidades de insetos são
influenciadas por vários fatores ambientais da serapilheira. Esses fatores
podem ser afetados por aberturas ou reduzido desmatamento de cobertura
de árvores, e o nível de complexidade ambiental influencia diretamente
nesta dinâmica. Este estudo tem como objetivo analisar a relação entre
a estrutura do habitat e da riqueza, abundância e composição da
comunidade de insetos de serapilheira. Nós testamos a hipótese de que
ambientes mais heterogêneos teriam valores mais elevados relacionados
com as métricas da comunidade de insetos. Foram analisados 103 lotes
de cinco tipos de vegetação distintas. De cada parcela, foram coletadas
quatro amostras de 20cm2 de serapilheira e, posteriormente, submetidas
à triagem e identificação dos espécimes. A classificação ambiental foi
realizada de acordo com as seguintes variáveis ambientais: número de
árvores (DAP > 10 cm), número de árvores mortas, número de arbustos
(DAP < 10 cm), altura do dossel (m), cobertura do dossel (%), herbácea
altura (cm), cobertura herbácea (%), cobertura de serapilheira (%).
Foram coletados 630 indivíduos distribuídas em 32 famílias. Não há
nenhuma relação entre a riqueza ou abundância e heterogeneidade.
Apesar da comunidade como um todo não mostrar relação, no entanto,
existe uma relação positiva entre a estrutura do habitat e grupos
específicos apresentaram preferência por determinadas áreas. Embora
a comunidade responda a variações de habitat, as variações de microclima
e microhabitat possivelmente também afetam a heterogeneidade da
mesofauna do solo.
PALAVRAS-CHAVE: fauna edáfica;  complexidade do habitat; Insecta, distribuição espacial
SUMMARY
Patterns of leaf-litter training are important determiners of soil
arthropod communities, which are fundamental for the maintenance of
ecosystems. Insects communities are influenced by various leaf-litter
environmental factors. These factors can be affected by openings or
reduced clearing of tree cover, and the level of environmental complexity
directly influences this dynamic. This study aims to analyze the relationship
between habitat structure and the richness, abundance and composition
of the leaf- litter insect community. We test the hypothesis that more
heterogeneous environments produce higher values related to the metrics
of insect community. We analyzed 103 plots from five distinct vegetation
types. From each plot, we collected four samples of 20cm2 leaf-litter,
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and subsequently submitted for the screening and identification of the
specimens. The environmental classification was performed according
to the following environmental variables: number of trees (dbh >10 cm),
number of dead trees, number of shrubs (dbh <10 cm), canopy height
(m), canopy cover  (%), herbaceous height (cm), herbaceous cover (%),
leaf-leaf-litter cover  (%). We collected 630 individuals of Insecta
distributed in 32 families. There is no relationship between richness or
abundance and heterogeneity. Despite community as a whole, however,
there is a positive relationship between habitat structure and specifics
groups preference for certain areas. Though the community responds to
variations in habitat, variations in microclimate and microhabitat possibly
also affect the soil mesofauna heterogeneity.
KEY WORDS: edafic fauna; habitat complexity; Insecta; Spacial distribution
RÉSUMÉ
Les modes de recrutement en litière de feuilles sont déterminants
importants de la communauté des arthropodes du sol qui sont
fondamentales pour la maintenance des écosystèmes. Les communautés
d'insectes sont influencés par plusieurs facteurs environnementaux des
litières de feuilles. Ces facteurs peuvent être affectés par des ouvertures
ou par la réduction de la déforestation des canopées , et le niveau de la
complexité 'environnemental influe directement sur cette dynamique.
L’objectif de cette étude est d’analyser la relation entre la structure de
l'habitat et de la richesse, l'abondance et la composition de la communauté
des  insectes de la litière de feuilles. Nous avons testé l'hypothèse de que
des environnements plus hétérogènes ont des valeurs plus élevées liées
aux mesures de la communauté d'insectes. Nous avons analysé 103 lots
de cinq types distincts de végétation. Pour chaque parcelle, quatre
échantillons de 20cm2 de litière de feuilles ont été collectées,  et par la
suite a été prise le dépistage et l'identification des spécimens. La
classification de l'environnement a été faite en fonction des variables
environnementales suivantes: nombre d'arbres (DHP > 10 cm), le
nombre d'arbres morts, le nombre des arbustes (DHP <10 cm), taille de
la canopée (m), la couverture de la canopée (% ), la taille des herbacées
(cm), couverture herbacée (%), couverture de litière (%). Nous avons
collecté 630 individus réparties dans 32 familles. Il n'y pas aucune
relation entre la richesse ou l'abondance et la variété. Bien que la
communauté comme un ensemble, cependant, il y a une relation positive
entre la structure de l'habitat et des groupes spécifiques ont montré de
la préférence pour certaines zones. Bien que la communauté de
répondre aux changements d'habitat, les changements dans le microclimat
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et microhabitat éventuellement affectent également l'hétérogénéité de la
mésofaune du sol.
MOTS CLÉS: faune edafic, complexité du habitat, Insecta, distribution Spatiale
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